The His bundle electrogram is discussed with respect to its rationale, methods for its recording and evaluation, findings with its use in the various forms of heart block and arrhythmias, its clinical value, and its limitations.
T HE STANDARD electrocardiogram records only electrical events of atrial and ventricular depolarization and repolarization. The origin of the impulse and information concerning conduction from the atria to the ventricles are inferred from the configuration and the relationship of the atrial to the ventricular deflections. The conduction tissue per se, however, whether within the atrium, the node, the bundle of His, or the bundle branches, does not have a representation on the electrocardiogram. Conclusions with regard to the integrity of the conduction tissue are achieved only indirectly from analysis of the depolarization of the various areas of myocardial musculature. During the P-R interval much of the depolarization of conduction tissue occurs and cannot be seen on the ECG. The A-V node is depolarized, the bundle of His is depolarized, and then, in the normal, the two bundle branches are depolarized relatively simultaneously. 1 2 With the use of the His bundle electrogram ( fig.  1 ), a marker can be placed within the P-R interval that will allow the separation of A-V conduction into two periods: the time for conduction from (1) the onset of atrial depolarization, through the atrium, through the A-V node to the bundle of His, and (2) from the depolarization of the bundle of His through the bundle branches to the onset of depolarization of the ventricular musculature. Using the bundle of His depolarization as a marker, defects in A-V conduction can be localized either to the areas above the His (atrial-nodal junction, nodal, or nodal-His junction) or the areas below the His (distal His bundle, bilaterally in both bundle branches, or in the distal Purkinje system). In a similar manner, whether extra beats are of supraventricular or ventricular origin can be determined.
It is the purpose of this paper to review the technics of His bundle electrography, the information that has already been learned with use of the technic, and the clinical value of the His bundle electrogram.
Technic Alanis et al. were the first to record the depolarization of the His bundle using fine-needle electrodes directly on the bundle in the isolated dog heart. Other investigators, similarly, were able to record His bundle activity in the dog. In the human, bundle of His depolarization was first recorded by Giraud et al. 4 in a patient with atrial septal defect (ASD) in 1960. Watson et al. reported similar records obtained from a patient with Ebstein's anomaly in 1967.5 It was Scherlag et al.,6 however, who were first to record depolarization of the bundle of His in the normal intact human using only the technics needed for right heart catheterization, and it is their technic and its modifications that are currently used by most investigators.
The heart is approached via the inferior vena cava. A bipolar or multipolar electrode catheter is introduced percutaneously into the right femoral vein either using the Seldinger technic with a Desilets set (after the wire has been introduced a dilator and then a thin sheath are passed over the wire and then the electrode catheter is passed into the sheath) or a no. 14 plastic-sheathed needle (Jelco) with the electrode catheter then replacing the needle. Under fluoroscopic control, the catheter is passed up the inferior vena cava through the right atrium into the right ventricle. The catheter is then withdrawn slowly until a typical spike between the P and QRS is seen on the monitored bipolar electrogram. The HBE is recorded most often when the position of the electrode on fluoroscopy in the PA projection appears to be just at the left border of the spinal column. At that point, the catheter electrodes are just across the tricuspid valve and near the septum. Often a few passes are required before an adequate HBE is recorded. Applying a gentle clockwise torque to the catheter as it is withdrawn will bring the catheter H-V is meastured from the first rapid deflection of the His buindle to the onset of ventricular depolarization as seen either on the HBE or on any of the standard leads. electrode tips in contact with the septum and may aid in achieving an adequate HBE recording.
There are many catheters available. The Damato catheter has six poles 1 cm apart and requires the use of a switch box that allows the recording of any bipolar combination of the six poles.6 Various other catheters with different distances between the poles have been used for recording the HBE.7'-We have found that the standard 4F bipolar or tripolar pacing catheter is adequate, in most instances, and have discontiniued using a switch box. We use a shielded two-wire cable with two alligator clamps on one end that are attached to the two poles or sequentially to two of the three electrodes of a tripolar catheter, and a telephone jack on the other end which is connected to the AC input terminal of an ECG channel of an oscilloscopic photographic recorder. Any monitoring and recording system that has paper speeds of 100 mm/min or greater, that has an ECG channel that will take a bipolar signal, and that has frequen-cy limits that can be set at 40-500 Hz is adequate (i.e., EEP eight channel of an Electroniics for Medicine recorder). One or more leads of the standard ECG are recorded simultaneously on another channel to facilitate interpretation and interval measurement on the HBE.
In addition to the Scherlag-Damato technic that is most commonly used, there are two other approaches to recording of the His bundle depolarization that have been successful. Lau, Bobb, and Damatol' obtained records of the His bundle depolarization in intact dogs using an arterial approach with an electrode catheter introduced retrograde into the outflow tract of the left ventricle and positioned above the aortic valve in the posterior cusp or along the septal wall just below the aortic valve. Recording of left bundle-branch activity was also possible with the same catheter with minor manipulation. In a similar manner, records of the bundle of His from the left side of the heart were obtained in man by Narula et al.' and by Rosen et al. 2 Recently another approach to the His bundle hias been developed by Gallagher et al., in Damato's laboratory." Using a catheter with a J-curved tip anid a device at the proximal end of the catheter that enables the angle of the J curve to be changed, thelse investigators have been able to approach the His bundle from the arm via a cutdown in an anitecubital vein rather than the femoral vein. Ease of achieving an adequate HBE recording compares favorably with the usual technic.
Clinical Findings with His Bundle Electrograms
The ability to determine the point in time of the cardiac cycle at which the bundle of His is depolarized has enabled investigators to study the various forms of heart block and to verify physiologically the concepts that were based previously only on data from the routine ECG, the autopsy table, or animal experiments. Stressing the heart by atrial pacing and premature atrial stimulation has aided in the study of normal and abnormal conduction and of A-V node function.
First-degree heart block ( fig. 2 ), in the usual situation with a normal QRS, has been found to be due to block above the bundle of HiS.7 12' 13 The His-QRS interval is normal in most instances, and the delay in conduction occurs prior to the recording of the bundle of His, presumably in the A-V node, the atrial-nodal junction, or the node-His junction. First-degree heart block can be produced artifically by atrial pacing. As the rate of atrial pacing increases, the P-R interval gradually increases due to block above the His bundle7' 12, 13 and is the normal response to an inappropriately high atrial rate. (During sinus tachycardia the same conditions that provoke the tachycardia, whether fever, anxiety, hyperthyroidism, etc., also accelerate conduction across the node. Hence, during sinus tachycardia the P-R interval is normal or may even be shortened in patients with normal A-V conduction.) Occasionally, especially in patients with left bundle-branch block or in patients with other intraventricular conduction defects, first-degree heart block is found to be caused by block below the bundle of His7 1416 in the trifascicular intraven- the common bundle of His to the ventricular musculature:'7 the right bundle branch, the anterior superior radiations of the left bundle branch, and the posterior inferior radiations of the left bundle branch. Thus, RBBB on ECG is caused by block of the right bundle; left-axis deviation can be caused by block in the anterior radiations of the left brundle; right-axis deviation, in the absence of evidence for right ventricular hypertrophy, can be caused by block in the posterior radiations of the left bundle branch; and complete LBBB can be caused by block either in the short main left bundle branch before the formation of its two radiations or by block in both the anterior and the inferior radiations of the left bundle branch simultaneously. Other combinations of lesions (e.g. of the right bundle and the anterior radiations of the left) will cause other combination lesions on ECG (i.e. RBBB and left-axis deviation). In first-degree heart block due to block beyond the His, when the intraventricular conduction defects on ECG suggest complete block in two of the three pathways of the intraventricular conduction system (e.g. RBBB with LAD), the assumption is made that there is also incomplete block of the remaining pathway.2 14, 18'21] A large number of patients with LBBB and first-degree heart block are found to have block below the His.'14 10 Because studies have suggested that the left septum is depolarized earlier than the right side22 and the anatomy of the LBB shows earlier branching than the RBB, the time from the onset of depolarization of the LBB to the depolarization of LV musculature normally might be shorter than the time from RBB to RV depolarization. Then the conduction time from the His to ventricular depolarization would be longer in the presence of LBBB, even without incomplete block of the RBB.2' Studies utilizing simultaneous Ci,rculationn, Volume XLVII, April 1973 recording from the right and left bundle branches, however, have suggested that the two bundle branches are depolarized simultaneously.", 2 The time from the RB depolarization to the onset of the QRS is not prolonged in the presence of LBBB iniduced by the artificial production of aberrant conduction.2 Hence, 1°heart block in the presence of LBBB found to be due to prolongationi of the H-QRS time is probably due to disease of the RBB. It is of interest that first-degree heart block accompanying uncomplicated RBBB, i.e. without concurrent marked axis deviation, is rarely due to block heloxv the His, i.e. in the LBB system.2
Even in the absence of first-degree block the finding of delay in conduction below the His has been considered evidence of at least incomplete trifascicular block.
Second-degree heart block can be divided into two forms: Wenckebach (Mobitz type I) and Mobitz type II (figs. 3, 4) . In the great majority of patients with Wenckebach block, study with His bundle clectrograms has demonstrated the block to be above the area of recording of the bundle of His: at the node, the atrial-node junction or the node-His juinction,7 9 as in most cases of firstdegree heart block. The gradual P-R interval lengthening is due to block above the His. The blocked P wave that terminates the Wenckebach cycle is not followed by a His depolarization indicating complete block in the node or perinodal area ( fig. 5 ). If the normal heart is accelerated by atrial pacing, patients with normal conduction will develop first-degree heart block and finally Wenekebach block as the rate is further accelerated.23 It is this normal function of the nodal area that guards against inappropriately high atrial rates from being transmitted to the ventricles. Very rarely Wenekebach-type block has been seen to Weuickebach block (Mobitz I). Note the gradual increase in the P-H interval with the blocked P wave not followed by a His deflection. The H-V interval remains constacnt throughotut. occur spontaneously below the His with the His-QRS interval progressively prolonged until block occurs distal to the His spike.'5 24 Such Wenckebach block has been produced rarely by atrial pacingl4 25 or atropine administration. 14 The presence of a "split His," i.e. two His bundle spikes occurring on the record during the P-R initerval with Wenckebach periods between the spikes, has also been reported. 25 26 In some of the reporte.d cases of His to QRS Wenckebach, it is not clear whether the "His spike" is not actually part of the P wave.'5 24 This question can be settled only by the various methods of verification of the bundle of His (vide infra). Although Wenchebach block below the His has been documented, block above the His is the usual finding during Wenckebach periods.
Second-degree heart block of the Mobitz II type has been found on His bundle electrography to be due in most instances to intermittent block of the intraventricular conduction system below the node.1t3 15. 16, 20, 25, 27 During the conducted beats, the P-H interval is usually normal, and the H-QRS interval can be normal or prolonged. Following each blocked P wave, there is a His bundle depolarization but no QRS, demonstrating that the block is below the bundle of His, usually in the intraventricular conduction system. Most patients with Mobitz II who are found to have block below the His during their nonconducted P waves have an intraventricular conduction defect on their ECG in the conducted beats. Mobitz type II, especially in the presence of a prolonged QRS, is suggestive of intermittent trifascicular block, and the patients with this finding are at risk for the development of complete heart block.28 9 Occasionally patients with Mobitz II are found to have a "split" His bundle spike with two deflections following each P wave.2.1 Following the blocked P wave, only the initial His spike is seen. This has been interpreted as intra-His bundle block. It Second-degree A-V block with fixed ratio between a rapid atrial rate and the ventricular rate (e.g. paroxysmal atrial tachycardia with 2:1 block or flutter with 3:1 block) has been found to be due to block above the area of recording of the bundle of His, and is due to conduction delay at the A-V node or perinodal area. In those instances of fixed-ratio block with a normal atrial rate (either sinus or otherwise, e.g. atrial rate of 90 beats/min and Circulation, Volume XLVII, April 1973 ventricular rate of 45), however, the block can be either proximal7' 25, 31, 32 or distal'3' 1G, 19, 24, 25 to the His bundle depolarization. A 2:1 block with a prolonged QRS (probably the most frequently seen type) is usually due to block distal to the His. A 2:1 block associated with a normal QRS and with preceding episodes of Wenckebach block and evidence for vagotonia (e.g. dig toxicity)32 is usually due to block proximal to the His. In the individual case, definite determination can only be made through use of a IBE. Block below the His (or intra-His block) carries the same implication as Mobitz II and is an indication for pacemaker implantation.
During atrial fibrillation, as in flutter, the block between the atria and the ventricles is in the node area.32 34 Thus, preceding each QRS there is a His bundle spike, and in the absence of a QRS there are no His spikes recorded ( fig. 6 ). Because of the rapidly firing atria, it is occasionally difficult to differentiate a His depolarization from the underlying "grass" on the record that is due to electrical activity of the atrium.
From the anatomy of the conduction system it is apparent that complete (third-degree) heart block can occur due to discontinuity of conduction at either the level of the A-V node, the bundle of His, or simultaneously in both radiations of the left bundle and the main right bundle. Pathologic and Lev and Unger37 have demonstrated that in the majority of patienits with complete heart block disease i.s usually present in the intraventricular conduction system with the A-V node intact. More recent studies by Lenegre 'I and by Davies and Harris37 have confirmed their findings. There have now beeni a number of reports of His bundle electrography in patients with heart block. As was predicted from the pathologic investigations, the majority of patients with heart block, especially among those in the latter decades of life, were founid to have block beyond the His bundle: with each P wave followed by His bundle spike and each QRS not preceded by a recordable depolarization of the bundle of His. This suggests, physiologically, that there is block in the intraventricular conduction system beyond the bundle of His. A small number of patients with symptomatic heart block have been found to have block at the level of the A-V node, however, with His bundle spikes preceding each QRS, but not following the blocked P waves.9' 13. 19, 20, 24, [40] [41] [42] [43] Complete block within the bundle of His has also been reported.6 44 Those with block distal to the His tend to have a wide idioventricular QRS, a slow heart rate (35-± 5 beats/min), and usually do not respond to atropine or exercise with increase in rate ( fig. 7 ). In contrast, those with block at the node (or the rare patient with intra-His bundle block, with a His spike following each P wave and another His spike precedinig each QRS) tend to have higher rates, over 40 beats/min, tend to be less symptomatic, have a narrow, supraventricular-appearing QRS, and tend to increase their rate with the administration of atropine or on exercise. Most patients with congenital heart block have findings similar to the latter group,45' 4(; with block at the level of the node. Patients who develop heart block with digitalis intoxication also tend to have block at the node34 (and usually are relatively asymptomatic because of the relatively high rate of the idionodal or His bundle focus that is controlling the heart).
Patients who develop heart block during acute myocardial infarction have been studied with His bundle electrography. Those with diaphragmatic MI have been found usually to have their block proximal to the His bundle spike at the level of the node."2' 47 This is due probably to either ischemia of the node seen with compromise of the circulation to the diaphragmatic surface of the heart or to the vagotonia that commonly accompanies diaphragmatic MI. These patients frequently have tolerable rates, will respond to atropine, have a narrow QRS, and in most instances will recover as collateral circulation develops. They may require standby pacing during the acute episode but rarely will require implantation of a permanent pacemaker. Heart block during acute anterior myocardial infarction, however, is usually founid on His bundle electrography to be associated with block distal to the site of recording of the bundle of His.32 It is felt that block during anterior MI is due to simultaneous damage to the right bundle branch and the anterior radiations of the left bundle which lie directly opposite each other on the anterior septum and have a commoni blood supply, and to the inability of the posterior radiations of the left bundle to conduct adequately, due either to prior damage or to ischemia also of these conduction fibers. Most patients with such heart block have fairly extensive damage to the septum and frequently succumb whether temporary pacing is instituted promptly or not.48 They have slow rates with wide idioventricular QRS and do not respond to atropine. Those that survive the acute episode not infrequent-Circulation, Volume XLVII, April 1973 ly have residual complete block or recurrent episodes of complete block requiring permanent pacing.
Measurement of Intervals on the His Bundle

Electrograms
Measurements of conduction time can be made from the His bundle electrogram. The P-His interval is measured from the onset of the P wave to the first rapid deflection of the His bundle spike. Some investigators use the intraatrial high-frequency deflections as the onset of the interval (A-H),7
whereas others use the first deflection of atrial depolarization whether it is seen on intraatrial electrogram or the peripheral standard ECG (P-H ). 13 30" 49 Varius investigators have put in other electrode catheters to simultaneously measure the high atrial electrogram and use the interval from the first deflection of the high atrial electrogram to the onset of the atrial deflection as seen on the HBE (low atrial electrogram) as a measure of intraatrial conduction.7 4 Using the onset of the P wave as seeni on the His electrogram (A-H), the normal value varies from 50 to 120 msec. 25 Others have noted the normal P-H to be 80-140 msec.14 Depending on how it is measured, this interval may comprise coonduction from the sinus node through the atrium, through the atrial-nodal junction, the A-V nlode, the node-His junction, and the proximal bundle of His; yet abnormal prolongation of this interval is considered due to delay at the perinodal area.
The interval from the His bundle depolarization to the onset of ventricular depolarization has been considered the more important interval. Prolongation of this initerval among patients with intraventricular conduction abnormalities on standard ECG may be predictive of complete heart block. The lack 9()nu3 of a specific definition for this interval complicates its evaluation. Some workers measure the interval from the first rapid deflection of the His spike to the onset of the earliest QRS seen on the peripheral ECG leads.' 14 50-52 Others use only the onset of ventricular depolarization seen on the His bundle electrogram lead as the limit of the H-Q interval,53 while other workers have used the earliest depolarization on either the intracardiac His bundle electrogram or the peripheral EGG.20
Thus normal limits are quoted as 35-45 msec,7 msec,34 or 35-55 msec. 2, 26 Evaluation of His bundle electrogram intervals is complicated also by the mistaken identification of depolarization of the atrial deflections as His spikes. This error can be obviated by verification of the His spike, by atrial pacing,6 or by direct pacing of the His bundle. 55 The atrial pacing procedures utilize the physiologic response to inappropriate atrial acceleration, i.e. increase in the P-His interval, to demonstrate that the spike to be evaluated is not part of the P wave. Coupled pacing of the atrium, i.e. delivering a spike at an interval of 300-400 msec after the sinus P wave, will cause a paced APC. Ordinarily after an early APC there-will be a delay in conduction from the P wave to the His deflection with an increase in the P-R interval.57 If there is no such delay, the spike considered the His deflection may be part of the P wave. Verification of the His can be done also by direct pacing of the His bundle through the catheter used for recording of the His.9 55 If the catheter had been recording the His spike, the QRS resulting from such pacing will have the same configuration as the normal QRS and will follow the pacing spike after the same interval as the H-Q interval. Occasionally, the H-Q interval appears very short, and differentiation between a His deflection and a right bundle-branch deflection must be made. This can be done by either pacing the His or by delivering sequentially more premature stimuli to the atrium.57 In most patients, as the prematurity of the atrial impulse is progressively shortened, the QRS will develop a right bundlebranch block type of aberration.58 If the spike remains in the presence of RBBB, this is evidence that the spike was not due to the right bundle but to the His depolarization ( fig. 8 ). If the spike is due to the right bundle branch, it will disappear with development of RBBB conduction.
One of the chief promises that the His bundle electrogram offers is the possibility of predicting which of the many patients with intraventricular conduction defects (right bundle-branch block with left-axis deviation, right bundle-branch block with right-axis deviation, or left bundle-branch block, block in two of the three pathways of intraventricular conduction) will develop complete heart block (CHB). Lasser et al. 59 found that 59% of patients with CHB were found to have had RBBB and LAD on ECGs with orthograde conduction, but that only 9% of the patients with this pattern went on to develop CHB. The figures are somewhat higher for RBBB and RAD,60 but are entirely unknown for LBBB. In the normal heart, conduction through the right and left bundles occurs almost simultaneously.l,2 One would expect that those patients with ECG patterns suggestive of block in two of the three conduction pathways with a prolonged H-Q interval might have disease also in the remaining intact conduction pathway, and thus be more prone to develop heart block. If a prolonged H-Q were found on His bundle electrography, prophylactic implantation of a permanent pacemaker might be indicated. Over the past few years a number of centers have been collecting His bundle electrograms in patients with these ECG patterns to evaluate prospectively the predictive value of the HBE. A number of reports with a small number of cases have appeared in which HBE were recorded during normal conduction and subsequently CHB with block distal to the His developed. '6' 19 Of the 11 patients reported by Narula and Samet,'9 10 had prolonged H-Q intervals during orthograde conduction. Berkowitz et al. ' 6 reported three such cases, one with definite H-V prolongation during NSR, and two others who were not specifically identified except as having LBBB. All of his patients with LBBB had an H-Q interval of 54 msec or more (upper limit of normal or above). In the author's laboratory, however, four of five patients who developed intermittent CHB had H-Q intervals within normal limits during HBE recording during their normal conduction periods. Although this finding does not suggest that a patient with a prolonged H-Q interval might not be more prone to develop heart block, the presence of a normal H-Q interval does not preclude CHB in patients with ECG patterns that have been epidemiologically found to precede CHB.18
His Bundle Electrography in the Evaluation of Arrhythmias
In addition to localization of conduction abnormalities, the ability to record depolarization of the bundle of His aids in the determination of the burndle depolarization precedes the extra beat. Following this interpolated VPC the following P-His interval is prolonged suggesting that retrograde conduction from the ventricle into the A-V node has occurred following the VPC. (Middle) A His bundle (or possibly low nodal) escape beat following an APC. The His spike precedes the QRS with the same H-V interval as noted during orthograde conduction. (Bottom) A VPC originating in the bundle-branch system. Note that the H-V interval of the extra beat is shorter than duiring the normally conducted beats, suggesting that the His is being depolarized retrograde simultaneously with antegrade conduction into the ventricles. origin of ectopic beats and tachycardias ( fig. 9 ). This is especially valuable in the differentiation between supraventricular beats with aberration and beats that originate in the ventricle.33 34 61 63 If a beat or a succession of beats (tachycardia) is preceded by a His spike and the H-Q interval is similar to that of the normal beats, the focus is either in the atrium, the perinodal area, or the proximal bundle of His. If, on the other hand, an adequate bundle of His electrogram is recorded during the normal beats, but no His spike is seen preceding the ectopic beats, the origin of the ectopia is well below the His in the ventricles. Occasionally, ectopic beats are found to be preceded by a bundle of His depolarization but the H-Q interval is shorter than the H-Q recorded during a normally conducted beat.51' 64, 65 The QRS frequently is of the right bundle-branch block configuration suggesting that such a beat originates from a focus high in the left bundle system, either in the anterior or posterior radiations of the left Circulation, Volume XLVII, bundle branch, and that the His depolarization has been conducted retrograde from the focus. That is, the impulse is propagated orthograde to the ventricles and simultaneously retrograde to the site of recording of the His depolarization. Since the ectopic focus is closer to the His bundle than to the ventricular musculature, depolarization of the His will precede the onset of the QRS but by less than the H-Q interval recorded during normally conducted beats.
Spontaneous retrograde conduction from the ventricle to the bundle of His (e.g. after a spontaneous VPC), except in the situation noted above, usually is not recorded during His bundle electrography. This pattern is not discernible because depolarization of the His occurs simultaneously with the QRS and is buried within the QRS. during ventricular pacing especially if coupled pacing of the ventricle is performed.8' 66 During spontaneous ventricular activity, the occurrence of retrograde conduction can be inferred from the effects on the HBE of subsequent orthograde beats. Hence, following most VPCs, retrograde conduction through the His to the node can be documented in the presence or absence of retrograde atrial depolarization by the finding of a prolonged P-H interval after an interpolated VPC or of a P wave blocked proximal to the His following a usual VPC.67 Using this type of analysis, complete heart l)lock with retrograde conduction to the node was found in a patient with block distal to the bundle of His both in the absence and presence of retrograde atrial depolarization. 68 In the diagnosis of bizarre arrhythmias His bundle electrography has occasionally been of utmost value. Rosen et al. 52 
Effects of Drugs on Conduction and Refractory Period Measurement
Using the bundle of 1-is electrogram the effects on conduction of various drugs used in the treatment of cardiovascular disorders have been investigated (table 1) . Vagolytic drugs, such as atropine, have been shown to shorten the P-H interval but to have no effect on the H-Q interval. '2 Sympathomimetic drugs, such as isoproterenol (Isuprel), have effects similar to vagolytic drugs with shortening of the P-H and little effect on the H-Q. 12 Vagotonic drugs and ouabain have been shown to increase the length of the P-H but to have no effect on the H-Q.'2 Lidocaine, an antiarrhythmic drug, has been found to have a varying effect on the P-H interval: slight shortening or no effect in most patients, and slight prolongation in two of 10 patients studied. 76 The H-Q was unaffected, but lidocaine lead to slight prolongation of the H-S (intraventricular conduction) in four of 10 patients. Diphenylhydantoin shortened (five of 12 patients) or had no effect on the P-H interval, and had no effect on the H-Q interval in any patient. 32 Propraniolol increased the P-H time but did niot Table 1 Efects of Drugs on A-V Conduction affect the H-Q. 77 Procaine amide has been found to work differently: to increase the P-H in eight of 15 patients and to prolong the H-Q in all patients. 78 Damato's group has used the His bundle electrogram to measure the refractory period of the conduction system proximal and distal to the site of His bundle recording.79 By delivering premature atrial stimuli in a programmed manner, they have been able to determine the refractory period of the A-V node and of the intraventricular conduction system. Studies in patients with LBBB have defined the refractory periods of the right bundle and the anterior radiations of the left bundle.54 Further information from studies of this type may further refine the ability to predict the probability of heart block in individual patients. Effects of drugs on the refractory periods measured in this way may be a means of defining in man the more subtle effects of drugs on the intraventricular conduction system.
Clinical Value and Indications for His Bundle Electrocardiography
At present His bundle electrography is primarily an investigational technic that is useful in studying A-V conduction and aiding in understanding the physiology of the various conduction abnormalities (table 2) . However, there are a number of clinical situations where critical information can be gotten only through His bundle electrography. In those instances where the differential diagnosis between W-P-W and myocardial infarction, or left bundlebranch block, cannot be made with certainty from the ECG or VCG alone the presence or absence of the typical finding of W-P-W (short H-Q with change with pacing) on the HBE can clarify the diagnosis.80 Patients with recurrent arrhythmias, in whom the differential diagnosis between ventricular tachycardia and nodal tachycardia with aberration cannot be made definitely, can have their diagnosis clarified by demonstrating the presence or absence of a His spike before each beat. Similarly, the origin of an ectopic beat, i.e. whether it is ventricular or supraventricular, can be ascertained by His bundle electrography. As noted above, elucidation of bizarre arrhythmias can be achieved sometimes if a His bundle electrogram is recorded. Insufficient data exist at this time as to the use of His bundle electrography in predicting which patients among those with the ECG patterns during orthograde conduction that predispose to CHB (RBBB and LAD, RBBB and RAD, and LBBB) are at greatest risk for the development of CHB. The majority of patients reported in the literature who have had HBE and subsequently developed heart block have been found to have a prolonged H-Q interval during the initial HBE study. Therefore, it seems reasonable to assume that the presence of a prolonged H-Q interval in patients with intraventricular conduction defects would make them more prone to the development of CHB. However, the author recently collected five patients with HBE before the onset of CHB, only one of whom had a prolonged H-Q interval. Although those with a prolonged H-Q may be more prone to develop CHB, the finding that the H-Q is normal should not falsely reassure the physician that CHB may not develop.
Among the patients with the clinical diagnosis of Mobitz IL or 2:1 block with a slow atrial rate, Evidence of this type may help to end the controversy as to which patients with chronic heart block (and no symptoms) require a permanent pacemaker.
In patients with acute myocardial infarction and heart block distal to the His as proven by HBE, it commonly is the practice in the author's institution to implant permanent pacemakers. However, this is not instituted necessarilv in those with block proximal to the His bundle deflection.
Currently, patients with symptomatic sinus bradycardia are frequently treated with implantation of permanent transvenous ventricular pacemakers.
With futher technologic advances and development of a reliable permanent transvenous atrialpacing system, atrial pacing with its preservation of the atrial pump-priming function will be treatment of choice for many of these patients. His bundle electrographic studies in a number of these patients, however, have demonstrated that A-V conduction is also compromised in many patients with sinus bradycardia,81' 82 and in these patients ventricular pacing will remain the optimum treatment. In the future, when atrial pacers are available, prior to their implantation, investigation of the A-V conduction system using HBE will be indicated to determine which patients will require ventricular rather than atrial pacing.
Critique of His Bundle Electrography
Although recording the depolarization of the His bundle has been of great value in the understanding of conduction and rhythm disturbances, for intelligent interpretations of the literature on the HBE certain problems with the procedure must he considered. The chief difficulty relates to the fact that in reality we are recording a rapid deflection that occurs between the atrial and ventricular depolarizations and are interpreting this as the bundle of His depolarization. Although in most cases this deflection is the depolarization of the His bundle, occasionally what has been called the His in published articles may be either the proximal right bundle branch or a part of the atrial deflection. Verification of the His as described above is usually sufficient to allay doubts as to the origin of the deflection, but it is conceivable that conduction delay in the atrium may give the appearance of an increase in A-H interval on atrial pacing or coupled atrial beats and suggest that what is really part of the atrial deflection is the His spike. Differentiation from the right bundle branch may also be difficult to accomplish if premature atrial beats lead to block in the right bundle branch below the level of the area of recording. Unfortunately, pacing of the His bundle, which would appear to be the optimum method of verification, is frequently difficult to achieve and is not used routinely in many centers. In addition to the problems with verification, reading of the literature is complicated by the fact that frequently, especially in records of the arrhythmias, no form of verification of the His deflection has been attempted.
Another problem at this time is the absence in the literature of a large series of normal patients, i.e. patients who have completely rnormal hearts, not just those with normal electrocardiograms. Interpretations of whether intervals measured on the HBE are normal or abnormal must be tempered by the fact that the actual normal limits have not been accurately defined. The absence of a uniform method for measuring the various intervals and the lack of an accepted nomenclature with regard to the intervals has!also complicated the field.
In the future many of these problems may be resolved. Currently it is important to realize that His bundle electrography is a new technic and, as with all new methods, constant evaluation and reevaluation will be necessary before the full beneficial results of the technic can be assessed.
